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OQMFLETE SPECIFICATION 
Process of and Tool for Expanding Tube Ends 
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Babcock & Wilcox Limited, a 
my, of Babcock House, Farrirtg- 
thm Street, London, E.C4, do hereby declare 
tile invention, (OwniiHuiIc&ted by Dbutschb 
Babcock & Wnxor Damffxbsselweskb 
A/G, a German Company, of Oberhausen* 
Wrbdind, Gejrmany), for whidi to pray rfwt 
a patent may be granted <p us, and the method 
by which it fa to be performed to be partkor 
jgfr described it and by the fofiowmg states 

The present invention relates to a process 
of and tod for expanding tube ends, applic- 
able far example to the attachment of water 
tabes to the steam and -water drum of a water 
tube bailer. 

It is common practice to secure the ends 
of water tubes to & boikr drum by fitting 
each tribe end within a tribe krk in the dram 
and then expanding plastically the tdbe end 
withhx the tube hole, so that it; remains firmly 
in contact with the waft of the fabfe to provide 
a fluid-tight Joint, In order to improve the 
resistance to the tendency of the tdbe, when 
die boSer is b use, to ptdi out of the drum, 
the part of the tube projecting into the drum 
to often bcBedouL 

Several different methods of the 
desir ed expansion have been used. According 
to one method* a toot is used whkh includes 
a conjcal mandrel about winch are spaced 
three corresponding tapered roBers, the tool 
being inierted in the tube end to be expanded 
with the axis of tie mandrei co-axial with <he 
tube aid and the mandrel being fed into the 
tube fedepcmkiifly of the rotkra ao that die 
rollers are displaced outwardly into oontaot 
with the inne r surface of die tube* The man- 
drel is then continuously rotated and the rol- 
lers are forced outwardly to expand the tube 
end and at {fre same time roll progressively 
round and into tie tube. It has been found 
that with this method of expanding there is a 



tween the tribe wall and the wail of the tube 
bole. Furthermore, the structure of the tube 
metal is affected, the metal becoming hardened 
by the alternating load. 

According to a second rather sknOar 
method, the tube is expanded by a tod having 
a tapere d mandrel and xoSob in which the 
mandrel and the rollers rotate and movie out- 
wardly towards the end of die tube during, 
the expanding operation 
• Ao ootding to a third method, a mandrel 
with a working surface having a diameter 
slightly greater than jfre inside diameter of tic 
tube is driven into the tube end, so expanding, 
the tube as it moves into it Una method has 
ta fe^jpr sctkal difficulties when appliei &L 
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tendency for each point of the ti4>e wail, after 
each pas sage .of a rofler has caused an expan- 
sion , to spring bade elastjcaBy and thereby 
considerably jedu ce the cm tact pressure be- 



tubes, which tend to bucaie, antl. 
the removal of the mandrel from the tube, 
after the expanding operation dftaghresniafi 
trouble; ^ jCt- 

An cfeject of the present hroittca >:jK^ ? 
provision of an hnproved *"f*h<rf ^BB ^ jS B^ 
for exrwrating tube ends. ~T 
The invention hidudes the process fw-thfe; 
securing of a tube end within a tube h3eW 
a tube plate, which comp ri s e s cxparirffeg a 
part of the tube into fluid-tight oootaa with 
the wafi of the tube hole by the fbrc&ie 
puffing-out of a tube expanding member 
ttouA the said part of the tube end and 
rfnu i lt aneonsiy as a consequence of |he p nflfrq r- 
out effecting belling of the mouth of the free 
end of the tube into contact with the face 
the tube pkte. 

The farvenrion also includes a tube end ex- 
panding tool suitable for the expanding of a 
tube end within a tube hole in a tube plate 
in which withdrawal means are provided for 
tiie fbrcftje pufimg«mt from insMe the tube 
end of tube expanding means adapted during 
withdrawal to expand the part of the tube 
within the tube hole, and the withdrawal 
means are arranged during withd r aw al to 
operate belling means which effect belling of 
the free end cfthe tribe. 

igvemlon will now be described, by 
way of e xaniplr, with refcrwuy to the aocQtrfc* 
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pflnymg pardy diag rammatic drawings, in 
which: — 

Figure 1 is a sectional side elevation of die 
forward end only of a tool for **p««i«ig and 
5 befimg tube ends arranged to operate on a 
tube end that extends through a tribe pfctie; 
and 

Figure 2 is a view shnSar to Figure 1 bat 
with the w nrfcfug parts in a different cperat- 
10 ing position. 

In the drawings, a tube 1 extends through 
a tube hole 2 in a tribe plate 3* with its inner 
end 4 projecting beyond die inner face 5 of 
die tube {date to a distance equal to about 
15 twice the wall thickness of *be tube. The tool, 
indicated generally by 10, fadndes a forward 
body part 11 terminating in a bearing surface 
12 which, when the martmre is fa use, is held 



firmly against the part of tube plate inner 
20 face 5 which surrounds the tube end 4. A 
mandrel 14 mounted in die body part 11 ex- 
tends axiafiy beyond the tyring surface 12 
and at t^i ft < c ojr n^rc ^T i 'C£*T^f rit. of the expanding 
operation lies in the initial position shown 
25 in Figure 1 in which ft extends into the tube 
1 to a point beyond the tube piste 3. At its 
inward or forward end the mandrel 14 is 
funned with an enlargement or head 15 ad- 
joining a part 16 that tapers icaiwaxifly to a 
$5- i^Biittiical part 17 beyond which a part 18 
_ of -the- mandrel Is screw-threaded into an 
operating rod 19 which fe coupled to thepis- 
_ ton of an hydraulic power device (not shown). 
.-. A^jroap of four complementary expandin g 
35 members 21 are sUdsjUy mounted on the 
-"^JBpered mandrel part 16 and may oc moved 
- 4fiPJi Incg a jfanc d poshion shown m Figure 2> 
^S^whichi iingnrd parts thereof form a com- . 
^_z=jftete xing^ike tube expanding surface 22> to 
40 - ^ staggered poshion shown m Figure 1 in 
~ which -jane opposed pair of the members 21 
is cals et re ar wa i i By of &c other pair so that 
^S£Siiidi radius of each member is reduced. 

—-The four mernbers 21 are held together and 
45 to the mandrel by a helical spring 24 that 
encircles part-cylindrical sections 25 of the 
members* 

SHdahiy mounted on the cylindrical part 
17 of the mandrel is a movable atop 30 in 
50 the farm of a tube length having a c^dbdcaJ 
rearward portion 31 which is a 
the mandrel part 17 and a flared 
part 32 of such diameter at its forward end 
that it engages* die two rearrnost expanding 
members 21 when they are at the rearward 
end of the tapered part 16 of the rnandreL 
Secured to the rearward end of the portion 
31 is a boss & formed with a circomferen- 
thury extending radial shoulder 34 that faces 
rearwardry of the mandrel* Mounted on <Jbe 
bodV part 11 are catch means in die form 
of four plungers such as the plungers 36 so 
arranged as to be sWatte radially and being 
biassed inwardly by springs *nch as 
65 springs 37* These 
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to engage die boss 33 and are so 
shaped at their inward ends that they 
restrain rearward movement of the shoulder 
34 past the plungers only untfc the axial force 
on the stop 30 exceeds some predetermined 70 
value. 

Abo mounted on the body part 11 is a 
circular row of eight tube end belling ele- 
ments 40 so guided in the body part 11 as 
to be capable of radial movement only and 75 
biassed by springs such as springs 41 inwardly 
into engagement with the stop 30. The inner 
side of each element 40 is provided with an 
inclined surface 42 complementary to the 
flared forward part Vl of the scop 30 so that SO 
as the part 32 moves rearwardry past die de- 
ments 40 they are moved outwards in a radial 
direction. Each element 40 Is formed with a 
forwardjy extending tongue 44 arranged to 
i n te nd within the tube end 4 but of such 85 
length that its forward end is spaced from 
the tube plate face 5 by a distance somewhat 
greater than the ducknes* of the wall of the 
tubal. - 

To carry cut the expanding operation, the 90 
tool 10 is brought into position opposite the 
tube end to be expanded and the mandrel 
14 inserted into the tube to the position shown 
in Rgure 1, so that the bearing surface 12 
engages die tube plate face 5, the atop 30 95 
being set with its shoulder 34 forwarder of — 
the plungers 36, the ^pMni**^ members 21 
being towards the rearward end of the tapered 
part 16 of the mandrel 14 and the rearmost 
pair of the members 21 being fat contact with 100 
the forward end of the stop. .30. 

The mandrel 14 is now drawn rearwards? 
through the tool body , part 11 by operation 
of the hydraolk power device so that the ex- 
panding mernbers 21, which are held against 105 
axial movement with the mandrel 14 by the 
stop 30, are caused to move outwardly into 
contact with and to expand the part of tube 
1 which lies Immediately outside the cube 
plate 3. As tins takes place the forward pair 110 
of the members 21 move slightly rearwardry 
into alignment with she other pair of die mem- 
bers 21, 

Once the head 15 of the mandrel 14 comes 
into contact with die expanding members 21 115 
force h transmitted directly from the mandrel 
to the stop, which is caused to move in a rear- 
ward direction so that the plungers 36 of the 
catch means ride over the shoulder 34. The 
expanding mernbers 21 and die stop 30~move 120 
rearwardry with the mandrcL tjbe mernbers 21 
effecting progressive expanding of the part of - 
the tube 1 whkh Bes within the tube plate 3. - 

As the members 21 approach the inner face 
5 of die tube pkfe 3 the flared part 32 of 125 
the stop member 30 engages the inclined sur- 
faces 42 upon the eight belling elements 40 
and causes those elements to move outwardly 
radially so that their tongues 44 engage and 
beE outwardly the projecting inner end 4 of 130 
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jthe tnhe 1. This bcKng operation ends when 
the tabe ex pa nd in g surface 22 cxaaes Into can- 
tact with the forward part of the surfaces 42, 
whereupon rearward movement of the mHockel 
nktivc tD the tool 10 is positively chednL 

The tool 10 ds now removed from die 
finished tribe, the mandrel returned to its for- 
ward position, die tribe expanding elements 
21 slid along the tapered part 16 to tfeir 
rearwud positions, and the stop 30 restored 
to its forward position* Hie tool may then 
^^^?.^?«^<Pbce^anded. 

The machine described is adapted to act 

Tax a preselected size of tube* the diameter 
the expanding surface 22 being appro- 
priately related to jbe haemal diameter of the 
tube. If desired the head 15 of the mandrel 
maj be made ad^^ ana% of ^rnndkd 
14;fctfcm6trreasastupadBpt2dby 
tnovemeat of die expending memb« axu*By 
of the tipemd part of the mandrel id deter- 
nunc the effective diameter of the 
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membw daring the expanding cpen^md 
tfapos^af thettopbemga 
imts variation of that effective diameter, whm 
the head 15 is axisfiy adjustable, it h advan- 
tageous to adapt a jtona^ over- 

<Sfchat weSrfmL rrpftm ™ 8 

_ .V.* * 100 *? wwring of * tube cod 

™ ™ * t *g ibe tribe plate, whfcfc 

oonmrisea expanding a part of the tube into 
««Htght contact with the wail of the tube 
hde^ the forcible pnffinfrout of a tube ex- 
panding member through die sat) part of 
Aetobe and afamfoneouriy as a consequence 
of the puffingHut effecting belling of the 
mouth of the free cud of the tube into eour- 
tact with the face of die tube plate. 

2. A tnbe end expanding tool suitable for 
the expanding of a tube end within a tribe 
hokinatttephtB^wherehiwithdn^ 
nemovided for the fozxjjbie pirihWout from 
inside the tube cad of tube expanding means 

«tne cub e wxtfam the tube hole, and the 
withdrawal means are arranged during with- 
drawal to operate beffing means wWcS effect 
befiing of the free end of the tube* 

3. A tool as dahned hi Claim 2, wherein 
the befiing means comprise a drculsr row of 



tube end engaging dements which are 
™nged to m^ radially outwardly upon 

******* b Oasm 3, wherein 
tte tube expanding means include a plurality 
of expanding members feted about the peri- 

P ^l2 f *J*F?* P« cf the length of a 
mandrel which is mseruUe axiaUy into the 
tnbe to be expanded and faans part of the 
wiMrttw^means, atop means axe arranged 

"Wa a Inftifd position, catch means are 
arranged to restrain outward movement of die 
stop mean s from die initial position unless 
the outward farce cn the stop means exceeds 
a pitxteenmned vake, the atop means being 
arranged to xcstzain outward axial mp waa e p t 
of the said members upon outward nHTVcmcnl 
of the mandrel only until the fdsce exerted 
exceeds the predetermined Take, and die tube 
end engag ing dements axe arranged for en- 
gagement by indmed surfaces on the stop 
means whereby upon the mandael moving the 
ex panding m eans and thus tie stop means hi 
an outward dractkm, through an aopr oflriatg 
distance a part of ^e tnbe that 
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***** P 1 ** fa engaged and belled out by 
the befiing means. 80 

5. A tooj as claimed in C2afaa 4, wherdn 
the expanding members ere frrift in dose con>- 
tact with tftt tapered part of the mandrel by 
a cixcnmacrftdng storing. 

6. A tool as dahaedin Oafcn 4 or OaJm 85 
5, whe rein a atop provided on the mandrel is 
adapted by hbimng movement of the expands 

ing members axiafiy of the tapered pant of 
the m andrel to determine the effective dia- 
meter of the expanding members during the 90 
expanding operation, and the position of the 
Mop js adj usndfe to permit variation of that 
wiec irve (Bameter* 

7. A txbt end rxpanctmg tool arranged and 
adapted to operate substantia^ as described 95 
hereinbefore with reference to, and co nstructe d 
•ubstpthdiy as shown in* the accompanying 



Fox the Applicants. 
Chartered 



LeMm^on SP» : Mated tor Her Maj<*ty • SUtionary Office, hj tte Courier Tnm.-im. 
***** •» Office, 85, ftma-atftoa Birild^lLaon^S^ 

copies may bo obtained. 
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